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A technique for the analysis of ecosystems developed 
by Odum focuses on the nature ofi interactions which take place within 
the system being considered. Xhj|s technique can be used' to assess the 
contribution of any variable to an interaction. Using data derived 
from previous research conducted^ by Feather, the autliors employ this 
;technique to examine the way in which* probability estimates |sind 
actual achievement interact as a system. Sjpecif ically, the^ data were 
studied, to determine^ how achievement and ^probability of success 
varied over time for each treatment group. The interactions -were 
incorporated into a model allowing symbolic representation to be 
translated into a useable mathematical form. Thus each dynamic, 
variable in the system can 'be represented by a dif f erentietl equation 
which, when combined, provide data on the changes of each variable 
over time. (AJL) 
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Introduction 

A technique for the nnalysis of ocosyvStenis clevGlopocI by Ocluni (I97l) 
Oias met with considerable sucd'ess as an empirical nredictdr oT system 
beTiavior. The focus of the technioue is on the nature of the inter- 
actions which take place within the sy^^em being considered. Variables 
-within the system are dynamic over time,, while influences fr^m outside 
the systeni are either fixed or vary in a pre-determined fashion and are 
riot affected by the behavior of the system being considered. J*he nature 
of the interactions within the system are governed by the laws pf 
Thermodynamics (conservation and entropy), thus providing guidance from 
well understood physical principles as well as providing a transition 
to mathematical representation of the interactions* The vjse of th^se 
principles is currently f,inding application in information theory 
(Gat lin, 1972 ) and economic - theory C^eorge scu-Roegen , 1976), 

/ in this procedure, a system is defined as a collection of dynamic 
variabiles and the interactions between these variables which produce" 
changes over time. Variables out&i^e this framewor^, which 'in fluence 
the system but which remain unchanged by. system behavior, are termed 
'forcing functions'. Thus, the system is, defined to include those 
variables wi|:hin the system as dynamic, if atte^ition is to be focused ' 
on thes^ -variables and their interactions and not on possible changes 
which may, occur in forcing functions v;hich int^r^ct with the dynamic 
variaMes but whose behavior is pre -determined . Variables within the 
defined system which remain constant over time are not specified In 
calculations involving thermodynamic principles, variables which are 
constant are tiot included in the ca Iculations . There-fore , these are 
not included in the definition of the system, * Should other variables 
which were considered as constants actually prove to be dynamic; the 



2. 

system will not function adoquatoly unless the variables nre. Included. 

Interactions wliich take place among variables and forcing functions 
may involve variations which result from linear or inverse, additive or 
multiplicative int eracj?4on s or by Interactions which can be ii*cpresen ted 
by trigonometric functions and/or a combination of all types. Therefore, 
any svstem fpr which information exists as to dynamic variables, forcing 
. functions and their interactions can be defined and investigated. Whether 
or not the system duplicates known variations is then determined by 
whether or tiot the interactions taking plac^ within ^,the system are correctly 
defined. 

Definite principles determine the nature of the interactions and the 
^boundary conditions for ^uch interactions. These are derived from thermo- 

y 

dynamics but- the most important ones may be restated to be more applicable 
to social science invest: ons. A conservation principle operates 
which definesL boundaries for interactions. Jtated simply, this principle 
indicates .that the sum of ^Tl contributions of all variables to an inter- 
action niust be equal to the sum of all ^he results of the interaction 
plus any losses which occur during this interaction. 

A second princi^ple of entropy further refines the conservation 

- 1 ■ ' 

principle. It statesij^that the sum of the products must always be less 
than the sum of the contributions, that is no interaction is perfect 
-some loss is always a ssociated . with an interclc.tion although this may be 
very __^raa 1 1 . This loss is in proportion to the difficulty encountered in 
Achieving the interaction. An example of the app-licat^ion of the first and ■ 
second principle may^clarify these. Consider two stimuli, one visual and 
one" auditory , interacting with one another so that the "result is additive. 
The first |)rinciple limits the rcisulting interaction to the sum of| the 



two stinnill. The second prLnciple reduces the result by some otiantity, 
making the result of t!ie interaction of the two greater than either 

. stimulus alone, but not equal to the sum of thti two. 

A third principle is a maximizing principle. It states that inter- 
actions are maximum over time if the sum of the products of the interactions 
is 50 percent of the sum of the contributions to the interactions. Many 
examples ol this ex^st in psychology. Intermediate levels of motivation 
are optimum and optimum achievement activity occiirs at intermediate levels 
of probability of success.. The interaction of student and learning 
material may well be maximized at intermediate levels. If the student 

interacts with simple material, the result is diminished because much of 
the interaction is hasty and material is ignored. Miiterial which is too. 
diff^gtalt results in diminis^ied interaction as well, though for different* 
reasons. Ma^^imum interaction over time occurs with materials of inter- 
mediate diffiCj^lty. Perhaps this principle explains to some extent, one' 
of the shortcomings of programmed material in which the vSteps are too 
small. It must be noted that this, we refer here to maximization over 
time, not to maximum instant results. Maximization over time results 
from interactions which are neither too easy nor too difficult to attain. 

A final major principle is a depreciation principle . This principle 
states that all dynamic variables feouire maintenance, or, conversely, if 
the variable does not interact over time, it depreciates. An obvious 
•^-exa\nple is retention of information. Unless information is used, it 

depreciates exponentially over time. Maintenance of information counter- 
acts the depreciation resulting in longer retention. Depreciation is ^ 
also dependent on 'the magnitude of the stored quantity. More storage 
requires more maintenance. V 



Bccniifio tlu*sc» principles are hriscd ou known phy.sicnl laws which 
can bo represent mat henin t i ca 1 ly , the tnodel of a syr>t(Mii derived from 
these principles may also be represented mathematically. The contri- 
bution of any variable to an interaction is determined by the magnitude 
of the variable and the interaction which takes place. In some cases, 

the variable contributes to the interaction; in others it is influenced 
by the result of an interaction or several interactions. Each of the 
contr '* ions the variable i^akes to an interaction can be represented by 
a mathematical relationship determined by the nature of the interaction. 
Tfae same can be don&^#or each contribution made to the variable as a 
result of an interaction. With this information, each dynamic variable 
in the system can be represented by a differential eouatjlon which is 
a sum of all contributions to the variable minus the sumjof all contribu- 
tions of that variable to interactions within the 'system.; Simultaneous 
integration of all these equations over time^ provide data[on the changes 

of each variable over time, and thus data on the behavior of components 

. \ ^ ■ 

of the system. 

! 

vSeveral advantages accrue from this technique. If daita from the 
model duplicate known data, integration over longer period,s of time 

provide predictions about system behavior in time frames which go beyond 
the original data. Constants in the differential eouations (called 
transfer coefficients by Odiim) indicate the magnitude of the contribution 
.of each variable to an interaction, the reciprocal of the:<nconstant is 
a time constant. This indicates the /ime /eauired for one' 'comple te 
interaction in relation to other interaT>t-ir<yns . ' Finally, it is possible 

•to investigate, a wide variety of conditions within the system by beginning 
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with dif forcMit inlt inl <u>nclLt Ion.s for the vnriabl'6s. Thus iiinny hypothoscs 
can l)<^ tested to dttorTnine those facets of a system wju c h are most crucial 
to system behavior and might provide information concj^rni^ng those hypotheses 
which would yield the most significant results when empirical investigations 
are to be conducted, \ v , 



•1^ 



r 




V 
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Ac'lij 1' viMiu'iit Tlu^or^y, prop(>un(h»cl by Atkinson, is b.ifu'd on (be 
*a ssiiinp L i on that: subjective ')M(b';nu»nt s about f)robrtb i' I i I y of .success, 
or the likolibood of nttaininf^ n ^^o/i 1 ; interacts with p('rcoption of 
task stiimili to |)ioduce a .spec ific kind of rosponso. It is tb^'is pos- 
tulated interaction or mediation tliat permits us to label AtVinson's 
theory as ^ .cognitive, or at lef\st a otin si -cogn i ti ve , one. 

Briefly, achievement tlieory can be summariiied as follows: 

1. Ac c o r d i ng t o Mu rray (1938), an o rg a n i sni res pond s to the 
environment because of "needs" which may be labelled as pot ent f a 1 i tl^ s 
to respond. The environment may be supportive or it may act to block 
action. Since the organism acts in specific and voluntary ways in 
response to the perceived situation, it follows that he is be.i nr> acti\>e 
in making choices and the overall way in which be mates such, choices can 
be viewed as a personality cha rac t<^ri s t ic . 

2. McClelland (1951) refined the work begun by Murray, emphasizing 
the role of motivation in behavior. McClelland saw motives as being ba'sed 
on emotions which reisulted from association between- stimulus f^ituations 
and affective states. llius anticipated goal reactions initiate and direct 
behavior through aroused needs. Since such needs fluctuate in intensity, 
it' follows that optimal levels pf aroused needs can be pdstulated. The 
organism will th^n act both to reduce needs above optimal level and to 

^increase incoming stimulation if it drops below a certain level. 

Thi s mot iva t iona 1 tendency refers to the positive or , 
negative anticipatory goal reactions arou'sfed in situations 
that involve competition with a standard of excellence, wj^ere 
performance may be evaluated as a success or a failure. 
(Weiner, 19 72, p. 175) 

3. The methods used for arousing and measilring the needs for achieve- 
ment arc well known and need not be reviewed here. The Thematic Apperception 



I'osl , (Irvt^loprd l>v Atkinson, i ?} usod to (>t)t;»in picUtxols dc i f 1) i in; thc^ 
contrnl of t Ium>>lu . I';x[)(» i' i men t Ji I prixiMluic^.s incro.Kse aiul dec r(»/i sc per - 

s 

I 

cc'lvod fstim.'itos of ihv prohal) I 1 i t y of juicce«s. /inxicty ;ind ;ich i e vi'ItkmU . 
I*osl t est reyiill s i}vc (\un\y7.vi\ I o det crm.ine ihv of l'ccl i; of in teract Lons 
nnion^^ those varinhlos. ^ ' 

r 

n son (I9S7) nttoinptod t o spt^clfy stnlislical r^'lal ionslii pn . 
rclc'Uod to nchiovonient theory and to relate these, in turn, to individual 
differences in neli i evement neods and their effect on . mot i va t i on . In 
additipn to person, environment, and experiential variables, Atkinson 
also dealt wi'th the conflict.s associated with choice behavior fWeiner, 
1972). 

/ 

Further, Atkinson*s theory of achievement motivation is 
influenced -by Miller's conflict model. Achievement -rcla t:ed 
behavior is conceptualized as a resultant of a conflict situa- 
• tion. Tt is assumed that the cues associated witli competition 
against a standard of excellence arouse both the*.hope of 
success and the fear of failure. The strength of the approach 
^ tendency toward the goal '(the hope of success) relative to the 
strength of the avoidance tendency (the fear of failure) de- 
termines whether the individual will locomote toward or av^ay 
from achievement -rel ated tasks, (p, 195) 

5. The tendency to approach oi; avoid an achi evement -or lent ed activity can 

be summarized as; 



Helre = "^g ^""^AF^ tendency to approach the fask' plus the tendency 

to avoid the task; 

equals motivation to succeed; 
M^P equals motivation to avoid failure; and 
P^^ equifls the perceived probability of success. 

Measures- of these variables are usually converted to Z-^scores to make intra- 

and inter-individual compar i sons possible . The the ore ti ca 1 ouest ion ^^|||P^ 

of course, whether \Q-r not the seV^e termi nant s a^e a sufficient basis on 
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whi(^» t »i .1(1 (Hint for ihmm! - r r I ;i I nl b{^h.iv'ini , 

U'iiw'i ( /iM 1ms |)I()|)o,umI tin I 'f *m' j^ii i ni», w<'i^»lit'; to t hi* 

ilet rr inj iKiiit s iW hchivior wf can tfvst t'lif n><)t<r 1 nj^.M' ii s t tMiip I i 1 cVi I d.'it.'). 

'I'hf' add i t i oini I Vii rl .ih I ol K i ;d< Pre* ( ctcnf t* lifncl of Aspiintiou /uhI 

It 

Pn- ?; i s I curt* of. Hf4wivi(M- V\^ Prov»n*ss also Ih* t cm led 

/. M^_, and M^j. iwv vo\X\\\i\v\v\\ to be rOlntivoly .stable r Si>n.i 1 i t y 
trail r., wbilc incentivt^ values *)! tlu* \\oi\\ ar«' dc^pcndriit on T Thus ' 
fiiturr action!; /ut' almo.st entirely (h^prnui on t OM I ho ofliMtn o\ niKMU-s.s 
and faihirt' ov on which i 5^ the only variabl(> that is f icm^ to fliictuato 
f ron) trial I c> t r i ^/T and which can thfrofort* bo , c 1 aj;s i f i ns an oxperfrn« 
fial varvia!)lf - that is, it (lopcnds/in part at Ifast, on an individual's 
hijjtory of succoss. 

B. Studies which have attCMnptcd to use the? basic piodol outlined In 
4 above liave been unable t.o ac comnioda f e the effects oT the 'history of 
succes5^ and failure associated with 3'^.. In order to make the model ^it 
empirical data, Atkinson and Cartwright ( 1 96/f) . int roduce an additional 
variable which they describe as "the inertial tendency" or thn "unsatisfied 
tendency*' to persist in achieving; p goal (T_.). .Thus a general teadencV 
to achieve a goal may be added to the need to achieve an(! this additional 
energy affects the subsequent motivation to achieve <«iccess. Thus: 

Civeni^ the complexitry of the relationship among determinants of need-* 
achrevement behavior, it becomes obvious that simple model? will not produce 
adequate solutions. It is nevertheless of interest to produce models which 
will account for behavior and which will match reason^^bly well the empirical 
findings reported in this area.^. If a model, using the determinants described 



in t lir ac li i (' vtMOr 111 iiuxic'l, i.iii l)r s! nut turd mo /in to irpiodiiir i-inpfifral 
(Iatn» t lirn .somr nn'a«:uit« of v/«lidjtv will /k c nir. i o i ho /u h i r vrnu'n t ' niodr I . 
Kur t hcrmorc » t hr qiKvsMion oi opti^iuiHly will Iumohh' nioie mc/in f n>!; f iil 
Ih'C /uiHo ihr rfU'Cts of clirtnf'.rii fn «ny of t lu' (Ii»t crmi n;inl s of n<M'd r-r o 1 /i t oc! 
hohtiv for < iin bo pr<'-drl cm mi nod . ^ 

In order to tost tills nssumption ^ifid (^hr v*i 1 i d i t y of our modol , wo 
soloc tf'd dnin f rom a researc h stuHy ropo^oij by Krnthor t]9(^t^) . A brief 
• summary of this stuciy is presented horf*.j' 

Fontbor notes thrtt the effects of success and failure on subaeeuent 

per f orm.'ince are extremely complex, depending on I lu* cb;jractt»r i sl1 e« of 

i 

the person and on tbe^ situatrion. In order to facilitate the d i sent an^^lement 
of determl\iers of action, he d^j^iided his subjeets into four groups m 
follows: 



U [liph expectation - initial failure (H-F) . Ins't rue t i ons induced 
a high initial expectation of success. TJiese subjects were then given' 
5 items which werx^^ insolubl e fol lowed 'tjy 10 items a.t a .50 level of diffi- 
culty. The assumption was xnad^ that failiire on the first five items would 
reduce to ^.50. ) 

2. Low expectation - initial failure (%-F) . In o^der to induce a 

low expectation of success , -4 nst rue t ions implied tha't the subjects would 

t 

find the M ems difficult. Thus five insoluble items were followed by.^10 
items at the .50 level of difficulty. Prior failure should h$ve the effect 
of lowering P . 

o • 

/ ' 

3. High expectation « inif'ial success (H-S). Subject instructions 
implied that the tests woultl be easV. Thus 5 easy items were followed by 
.10 items at a .50 level of d i f f icu 1 1 yy^^^JThe assumption was that initial 
success should raise P even more.. 



10 

I r ^- p»i f I t n.n ^. j n I t I .1 ) '\M( ( ivs M. ■ N) . I li,' » oh . I i I i on vci r n 

HI I i-y(<-pl tli.it NM!>n-r(-: Vfii- \ \\\ y\ mI (ImI tin- (c'.t 1 f cm . w«m r . 

i t I i Mt 1 I . I n I ( i .1 1 '.th I (' s;; '.hoM !«l I' (V.n I t i ii .t r i -ic *> f V ( o SO 

v 

r- 

"Hh* < oiii!if ion,*; i Mnv'.ri! I>y Ir.jthot vort<- inf^Mulcd to elicit datn nbout 

tho ctN-its of, rln's«« (oni o>; j>r r i luf'iil .0 1 (Oiiilifioiis on ';tih)<'tls' pfMloMiVuKr 

.in<l t !u' irl.ii icMi i!ii|> o( t !i i n pn ((unMiKp) t dlNcMyiurs in <i c !ii r vimu^'II I ;ni(l 

lost anxiotv. Mmis i n i t i .i 1 siuio;;r. .nui ffiilinc slum Id rosult in <h/niK,f^i 

iIk* t «nd«MU y (o poi f orin t lir -t.j.sK. A((oiilin^», to Ko.illxr. this t ctul'-m y 

consist.-. »>f n . t ot n 1 mo I i v.t I i on tnjfl,' up of tin* t rnilpn< y t /Vthiovc succi^s.Ss 

l-l)o t f-ndi nf V to nvoid l.nhiro nnd oxtrinr;i< mot i vn t 1 cm . 

Anions; Nul'jctt?; in whom ^^^"^ ^^KV ^^^^ result /int tendency to * 
porfotni fho i s 'iunx i mum wfu*n 1'^^ ■ .SO. Anion^^ .suhjocts in 

whom ^^^Y^ t result.'inl tondt-ncy to perform the t^jsk is 

iin'nimum when'l^^^* . SO . 1'hns,< in contrnst to Atkinsoji's e<'irl,jf»r 
pos i t i on^ (At k i nson , the pre.^^ent n s siimfi t i on.s do not imf^ly 

thVit .1 snhject in whoit ^y^j.* ' -''^loulci "try hf^rdest" v»hen - 
.SO. On tlie contrnry, becat'i-io' o^ the strong; inhiI)itory tifn^ency 
to ;ivoid und/T t ak i nf^, the t sK whon ^ .SO, the resultant t(Mi- 
denc v to perfcM-m the tn^^k vvuld 1 ■ at n niiniTmm) for sucli n svihii^ct. fp. 

Usin}'. tliC'se hnsic ns.sumpl i on.s , I'erither states the following hypotheses 

.1- l-^iere ^^^^ the i-esu1(nnt triidency to perform after the first 

5 items* v;i 1 1 he stronger in the- H-F and I.-S condit ions. This tendency 

should remain at a hi^^h 1f!vel because the reaminin^:; 10 items were at 50 

^level (> f ci i f I i c ul t y and tIierel*ore clcise to the values developed during 

i n i r i a 1 t r i ^1' s . ^ 

2. Since it Is assumed that higher resultant tendency determines 

superior pi* r f ormancc* . it can also be postulated that this group should 
■ Ji 

ob t a i n !i i gl e^ r score s on t !n • last 10 items. 

3. - Ulicre ^.^^ M,, the resultant tendency to perform the task after 
the /'ir5;t S items^ will be fM"eater for tho b-F and II-S groups. 

12 



A. These two groups should also be relatively less s^Qcessful. 
By using a series of itertis/it was prfs^lsble to study changes- in e>^ ^ 



pectations pver time. The quest-ions of interest raised iq this study ard 

summarized by Feather as follows: 

Do. estimates of expectation of success change more ' rappLdly ' ' -Jii ^ 
after failure than after success? Is the rate of change a 
function of the initial estimate of expectation of success, of 
n Achievement, and-' of Teat Anjciety? Are ther<^ differences be- 
tween subjects in the jjegree to which "typical" changes in pro-" 
bability estimates occur after success and failure? -(p . ^289) 

.The subjects in the study were 96 female undergraduates. Subjects 

completed protocols for 6 of the n Achievement pictures and the. TAQ. The 

scores on these tests were converted to Z-scores and the difference between 

the two calculated for each S. In S's for whom this difference was positive 

it was assumed that > M^pi for those which were* negative, it was assumed 

that M^p> Mg- ' * . 

The .criterion test used in the study consisted of a "Series of 15 

anagrarosi For the H-F and L-F groups the first 5 anagrams were insoluble* 

for the H-S and L-S groups the first 5 were very easy. For all groups the 

remaining 10 items were rated as being at the ,50 level of difficulty. 

Instructions varied as indicated above. 

The data which we used as the basis for our analysis are presented. 

below. 

Table 1 presents the mean of the probability estimates obtaiiyed 
^ from subjects prior to attempting each of the anagrams. An analysis 
of variance of these^ data was also conducted by Feather^ It demon- 
s'trated significant effects due to initial experience and an Interaction • 
between Initial experience and trials. • 



Adapted from Feather, 1966~, p./^9 
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Mean EstlmaCfes of Probability of SUcncess for Anagrams over I5 Trials 



•Gr^up 



Trials 



10 



11 



12 



13 



14 



15 



Sqcces- oriented (N « 9) 

Failure oriented (N » 9) 

-F ^ t ^ 

Success oriented (N =» 9) 

Failure oriented (N = 9) 



Success oriented (N « 9) 

Failure oriented (N - 9) 

rS ,■ 

Success oriented (N «.9) 

^'aiiure oriented (N - 9) 



.61 
.70 

.56 
.55 

.67 
.54 

.50 
.57 



.':9 
.53 

.49 
.36 

.66 
.58 

.63 
.62 



.Al 
.38 

.38 
.28 

.69 
.66 

.66 
.70 



.31 
.30 

.35 
.19 

.74 

.70- 

.74 
.76 



.13 
.22 



.29 
.15 

.75 
.71 

^74 
.78 



.16 
.21 

.23 
.15 

.79 
.68^ 

.78 
.80 



.27 
.29 

.33 
.18 

.68 
.66 

.70 
.69 



.31 
.36 

.33 
.19 

.72 

.•60 

.60 
.75 



.28 
.51 

.35 
.26 

.69 
.53 

.59 
.74 



.31 
.45 

.33 
.19 

.70 
.53 

.61 
.65 



.32 
.52 

.31 
.23 

.68 
.56 

.57 
.70 



.24 
.42 

.35 
.23 

.67 
.56 

.60 
.69 



.27 
.43 

.33 
.24 

.63 
.56 

.59 
.68 



.34 
.49 

.34 
.36 

.64 
.56 

.55 
.69 



.49 



.35 
.31 

.63 
.55 

.50 
.64 



\ 



14 



ERIC 



\ 



1 
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Table 2 presets irifg^^atidn about the mean number of ^nagraifls correctly 

answered out of ^^e final 10 anagrams. An analysis of variance these 
) . * ■ ' ^ , ' • '\ ' . * 

results indicted that initial experience had a signiJ^icant effect on ^^er-^-^ 



f ormance . 



/// 
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r Table 2 

Adapted from Feather, 1966, p.' 294 



Number of Subjects Solving Anagrams on Trials 6-15 



Group. 




< 










Trials 






/■ 




6 


7 


8 


9 


10 


11 


*«* 

12 


13 


14 


15 


H-F 


























Success oriented 


(N 


- 9) 


4 


4 


5 


4 


3 


0 


3 


5 


5 


2 


Failure oriented 


(N 


= 9) 


5 


5 


5 


<5 


7 


3 


4 


3 


5 


3» 


L-F 


























Success oriented 


(N 


- 9) 


5 


5 


3 


1 


4 


5 


2 


6 


2 


5 


Failure oriented 


(N 


- 9) 


2 


6 


7 


1 


9 


5 


6* 


7 


, 4 


4 


H-S 
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Success oriented 


(N 


- 9)' ' 


5 


5 
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6 


7 


6 


3 


7 


4 


6 


Failure oriented 


(N 


- 9) 


5 


3 


5 


5 


7 


6 


6 


5 


4 


6 


L-S 


























Success oriented 


(N 


- 9) 


4 


6 


7 


6 


4 


7 


4 


7 


6 


4 T 


Failure oriented 


(N 


- 9) 


5 


6 


6 


3 


7 


8 


7 


^6 


4 


6 



Several otl^r ' analyses were conducted by Feather. In this case, how- 
ever, we are i]nterested mainly in probability estimates and actual achievement 
and the way in which they interact as ^ system. The interested ader may 
wish to refer to the Feather article for more details aiid to compare these 
to our findings. X5 ^ ^ 



his "Dirsc)ission" Feather points out^that the major contribution 

. j . J ■ ■ ■ 

of tliis report lies in the fact that a detailed analysis of probability 

» 

estimates was made during the entire course of student responses. He 
also notes that the findings lend support to the belief that success and 
failure play a significant role in shaping estimateis of probability of 
Sliccfiss and thus in expectation of success. He also notes that: 
^ IJ Probability estimates, change more after failure at the first 

■ J 

.5 items than after suoeess at the first 5 items, suggesting that consis- 
tent failure has a greater effect than consistent success when initial 
expectation is intermediate. ^ . ' 

2. Success-orisented subjects, tend to make more "typical" changes in 
P_ estimates under conditions of successxwhdle failure-oriented subiects 
make more typibgl adjustments under failure conditions. (AIT of this may/ 
of course, /B^ Hw lated to past experience or inertial tendencies |di scussed 
above . ) ' 

3. Since this study was limited to eliciting P estimates from' only 
one trjCal to the next,- it is limited in terms of generallzability to 
situations in which trial-to-trial expectations are somewhat Independent. 
S's were not asked to predict their chances of attaining a fixed performance 
level. On the other hand, the results obtained^"&|tpear to conform to those 
found in other studies . which looked -at the effects of success and failure 

on expectations of success. . 

4. . Initial experience has a significant effect on performance when 
S's are given feedback regarding success and failure. As in any ^experiment. 
It is difficult to generalize the results because the number of^success and 
failure experience required for long-term increments *and decrements in 
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achievement patterns fpr the various groups did not conform to expectation. 
For example. Table sHows that the mean scores on performance in the 
initial fa;J.lur^ condition are higher than those for failure-oriented 
subjects. It i6 not clear why this should be the case, it may be . 

that the models being used are not sufficiently developy^d to account 
for this anomaly. 

5. Instructions given at the beginning of a series o^T' tasks tend 

.• • ■ ■ / • V 

to set the general difficulty of the tasks at the /outset so that P tend 

to cluster, about a certain valug depending <»n the ^lfl;«±ruct{onaj. Previous 

■ . " ^ ■ 

research also indixat^s that performance is related to this general levpl 
of difficultly ^cause S'-s work harder when their expectation of success", 
is intermedi^e .1 If the difficulty of the t^ask is truthfully 'represented , 



task performance and initial probability tend. to be correlat-ed." In addit 



:ion. 



S's tend to draw, upon past experiences and to make judgments accordingly 
(This has the e.ffect of anchoring them to reality so that fluctuations, 
about the mean in terms of estimates .of probability of success, level of 
aspiration and responses to success and failure are kept within reasonable 
bounds ^ - , 
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• ^- ■ , ■ 

,Data from the Feather study were examined to determine how achieve- 

s 

ment (A) and probability of success fP) varied ovVr time for each treat- 
ment group. Both A and P were^ plottyl again st |^he number of trials in 
e^ch in stance ,As well,. the number df successive-trials during which P 

./ ■ ^ < . . ■ ■■ , ■ ^ 

or A continued to change in the same direct: ioik, and the number of trial 
be^re the trend reversed was examined and the reN^t^^ts po*oled for all^ 
eight groups. P was found to . chalige . an average of in a p&sitive 

■ ~ . ■ ' . ' . \ ■ 

direction and an average of .07 in a negative direction in 1.74 trials. 
A was found to change an^a^erage of 38 per o^nt in a positive direction 
and 35 per cent' in a negative direction in 1,70 trials. .Further, the 
change in P was^opposite in direction to the change in A at anytime. 
For' purposes of the^ model, P was taken to change 0.10 in two trials and 
A 4^0 per cent in two trials. The time taken in the Feather study v^as 
estimatqfd at two minutes per Jtrial because 15 anagrams were to be Igcfci- 
pleted in 30 minutes. * 

The. .following interactions and their relationships were incorporated 
into the model of this system: 

1 . Probability of success and incentive were represented as 

' ' 

hypothesized by Feather, or as P x I.(P x (1-P)). 

' KjJ" > ' -^ ^. ■ ■ . ■ • ■ ■ 

2?"^ Incentive stnd probability of success^ interact vTith motivation, 
as hypothesized, or >^ x P x (1-P). * 

3. The additional effect of the P^^jj^^ht^^ce of previoiis achaevement 
activity or the "inertial tendency'* adds an iftSf^r^e ^yariation component 

^ ■ •■ . v» . : • ■ 

to th"e "^interaction or M x P x (1-P). This relationship derives from 
Feather ' s- data which was mentioned previously. 

■ ^ 18 , . ■ • 
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A. Probability of success at time t + 1 is directly proportional 



to the magnitude of ac^iievemerit and probability^ of success at time^. 

The system and the interactions which occur within the system 
"are "shown schematically in Figure 2. The ^symbols are from Odum (1971) 

. . • " ' ' • V 




^The dynamic variables are shown with "tank-like" structures: the 



interactions by 'arrows"; and the contribution^fo end prodqcts of inter- 

.■ ■ ^ 

actions shown by the lines. Interactions in whi^ji^h variation is direct 

i 

are shown with a* x * and inverse variations with a/ - Motivation (M) 

is considered outside the system, that is., it is considered a relatively 
stable personality characteristic *and for purposes of the model does not 
vary over time. The numb^ers on each' linr^ > indicate the number of the 



constant . associated with thje contribute' n or product and will also be 



used to identify these. 



In translating the symbolic '^repre senjtatiou of this system to d 
useable mathematical form, the following conventions ar,e followed: 

1. The magni.tude of a variable can ^ssume values between zero and 
one. In other words, the magnitude. of the variable is always represented 

19 
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as a proportion of fhe maximum possibl*e^agni tude . * ^ ' 

2. By using convention #1, invorso v^|p^ation can be' represented ^ 

f * 

mathematically as one minus the magnitude of the- variable which varies ■ 
inver sely . * . ^ " 

3. The ^contribution of any variable to an interaction, or the 
effect of the result pf an interaction is dependent on the magnitude of 
all interacting variables. ^Thus an interaction of A and P in which the 

i • V 

relationship is a 'direct variation would-be A x P. The atetual magnitude 
''of the contribution (or product) is modified, by a con|(tant (termed an 
^ interaction coef ricient ) . . Therefore, several interactiojfi contributions 

may have the term A x P but these differ when the interaction co,^fficient 

is consn.dere^. The co^ficient has two functions - one, it indicates 
the magnitude of the total ppssible contribution or product, and second, 

its reciprocal i-6-^ time constant. The time constant indicates the 



relative time pigriod for one complete cycle. 

4. Constants 6 and 9 are associated with the depreciation of the 
variable over time. This depreciation depends only on the magnitude of 
t he-^variable . The reciprocal the constant indicates how l^ong i t 
would take for the variable to depreciate to zero if there is no maintenance 
'of the. variable, / / 

k \ Table 5 shows each of the contributions or products- and how each is 
represented mathematically. 



Table 5 



Mathematical Representation of 
Contributional Prodticts 



Constant # 
'■ ♦ 
1 

2 ^ 
3 



6 
7 



8 
9 



Representation 
M(P)(1-P)(1-A) 
k .M(P)(1-P)(1-A) 

k, PA 
4 



4 



k^ M(P)(1-P)(1-A) 



kg M(P)(1-P)(1-A) 



P^scriDtion 

contribution of probabiTlty 
of success 

jcontribution of incentive 
contribution of P to change 
in P ^ 
product of interaction of P ' 
and A' ^ 
contribution of A to change 
in P 

depreciation of 
product of interaction of M, 
P, ' incentive & A^inertial 
tendency) , • 

contribution of A to interaction 
of M \ , 

depreciation of A 



Jhe mathematical representation of the system is accomplished by 
developing a diff^entiai equation for each variable. This equation is 
a sum of all the products which contribute to the variable minus the 
sum of all contributions the variable makes to interactions and the 
deprecia tion-of the variable. The two dif fer^f^tial eauations representing 
this system are:„ , 

P = k^PA - k^PA - k^ M(P)(1-P)(1.A) - k^ W(P)(1-P)(1-A) - k^P 

A = k^ M(P)(1,P)(1-A) - kg M(P)(1-P)(1-A) w k^PA - kgA- 

If these equations are integrated simultaneously from zero to time t, 
the result is a plot of the changes of the variables during time t. Our 
procedure ha& been to use an analog computer to do this. However, digital 
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■ ■ '' ■ " A' ■■ ■ ■ ■ ■ : • 20. 

computers can be used if the eauations are rewritten as: 



A^^^ = + i[k7M^(P^)(l.P^)(UA^) - V,(P,)(1«P^)(1-A^) 

- k^P A - k A 1 
5 t t 9 t-* 



"'where i is some time interval. It must be noted that i must be, kept 
small in-order tt> achieve accuracy in \itio3t case^. , -J 

Because the Constants are time dependent <and to date, no feasible 
technique has been developed for relating raw data to J:he t:onstants, 
an alternative-^i s to search for the ccmstants and refine these by 
successive approximation. This is possible because the behavior of the 

variables is ^understood for some time period at least. 

. . ' - -^ '^ 

A computer program (using the equation for digital machines) can 
be 'written to solve for P and A by successive iterations and given the* 
initial values for P, A, and M. The time ^increment should be kept small 
(approximately .05 in this case) as accuracy increase with small values 
of i. In this case, approximajtely 40 iterations would be necessary to 
cover the two minute time span. The program can be adopted to test all 
values of all combinations of constants in steps \)f .1 for each constant. 
In order to reduce the amount of computer time A and P should ^?be checked 
arfter each iteration.^ If either value is greater' than 1 or less than 
zero, the ^mstants used for this iteration are incorrect and no further 
ligations are useful. When a solution is attained, ^it should be subjected 

to more iterations^ to iassure that it remains viable over time, otherwise 

. / \ 
further refinement is necessary. 
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We have found the solutions obtained have a unioue set of y constant s . 

Some adjustment of the * constan ts are necjessary in order obtain the 

^oper range of oscillation of the variables or to assure that the - 

variable level at the proper magnitude. In this respect, an analog 

computer is easier and, faster to work with but still not a recuirement. 

If no feasible solution is reached wlffen all combinations of constdnt^ 

. S 1 J 

have been tried, i should be decreased. iln rflis case, the v^riabi^s 
may be fluctuating very rapidly and an. increment in, time (i) vhich is 
too . large does not allow the equations to respond adecuately . 

It should also be noted that multiples of the constiT^nts Ssflso provide 
a -solution, that is, if all constants are multiplied by for example, 

• • ( ■ 

Determination of the constant which apply to the model can best be ascer- 
tained by taking the reciprocal of the conistants to obtain the time 
constant. These can be checked to see if they jare reasonable. ^ For 
example, the time' for depreciatioh of variabiles should be reasonable. 
If Jthese are too large or too smaTT^b^ .some factor, all constants should 
be adjusted) by that factor. 




/ ' ' Discussion j / 

Tlu'orct leal Im{jlK ca t i ons " 

In order to understand somne of the- information Iderived from the 
model, a more detailed discussion of the iiyteractiont coefficient and 

/ 

the time constant may be beneffcial. These two values axo dependent- 
on nature of(^ the variables which interact or are af/ected by the ^ 

interaction and also on the nature xyt^ the c^ntribufdons or products 

/ ' \ ^ - ^ • * 

thetftselvy^^^ ^ 

Thej time constant is dependent on. the capacitance ojf. the variable 

I 

concerVied and the resistance encountered in contributing to an inter- 
' actio^ or in affecting a varial^^le (or T =*RC). Capacitance in a social j 
science context is a measure of the amount of input which can be ac- 
commodated ove^ a period of time and is inversely propor t^ional to the 
difficulty in achieving" in tegra t ion ' of the input. The resistance is 
the difficulty encountered when a variable contributes to. an interaction 
or the difficulty encountered in utilizing th^ product of an interaction. 
In either case, the difficulty is determined by the nature of the inter- 
action taking place. The time constant, then, is an indication of the 
time required to produce some speci fied amount of change, given the 
n3ture of the variable's ability to accommodate interaction vrLthin the 
system and the difficulty in achieving interactions. Thus if the > 
specified amount of change is 20 per cent alLl of the time constant*^, 
when compared to each other, indicate the ratios of times reouired to 
produce such a change. The inti^raction coefficient is the reciprocal 
of Jthe 'time constant, and while this value is reauired for the eouations 
in the model, it is the time constant which provides the informatibn ^ 
of intere st . 
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Table 6 shows the^ interaction coef f ic* icnts which corrcspdnd to 

the Interactions and products indicated previously in Table 5 and in 

I 

the sciiematic diagriim cff the syslem. Also shown are the time constants .i 
and the ratio of each time constant to the smallest time constant 
(time constant #7). . ^ 

/» 

* ■ ■ . Table 6' ' . ' 

Constants for the System 
*• ■ . ■ - * 

T.. \ ' ■ 

Interaction Time (If;). /T^ ^ ^ 

Number 'Coefficient (k) Consta^hC-,^ (Approximate) 

1 ^- 6.80 

2 6.80 

3 2. 72 

4 4.4-4 

5 • . 1.15 

6 - 0.70 



7 20.00 

8 ^ 1.10 
0.01 



0 


.15 


3' 


0 


A5 ^ 


3 


0, 


.37 


7 


Q. 


.23 


5 


0. 


.87 


16 


1. 


,43 


29 


0, 


.05 


.1 


' 0. 


.91 


18 


100. 


.op 


2000 



The coefficients duplicate (^ith some qualifications) the results 
• * ■ w 

obtained by Feather (1966)^ for_ those ^|||||||^di tions which applied to the 

Individuals used for that study. Plots of the changes in P and A over 

the series trials conducted by Feather do yrfot result in i series of- 

smooth cu^es as is the result froro^the model. This is to Ibe expected 



since the sample in the Feather study was Quite small. However, the 
nature of the changes are duplicated for the different conditions' as 
are the magnitudes of the fluctuations. It can be seen that the fluc- 
tuations decrease as the number 'of trials increase (as was the case in 
the Feather study) and that, the^ult imate leveling of P and A occurs at 
a valu» corresponding to the mean for that sample. "With a large s-ample. 
Curve fitting techniques could be applied, to the raw data to achieve 
plots wfi^h are regular, and thus determine precise reliability of ^the 
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results obt a i ncdl f rom the model. * 

A number cf the plots ajhown in Appendix A apply to situations 

which did not exist in the model. These are values for P, A, and M 

which did not exist in the sample but for which predictions could be 

made from achievement theory. In the^e cases, the results from the 

X ■ 

model do correspond with predictions. 

Examination of the ra t ios of ^ar iour. t ime constants provides 

some useful information. When contribution of P to future changes 

in P (constant 3) are compared to the contribution of A (constant #5) 

-to this change, the ratio of T and T is about 2:1. This indicates 

5 3 ' 

'that changes in P are more readily affected by the magnitude of P than 
the magnitude of A. In other words, changes in P are facilijj^^ more 
easily by manipulating P rather than A. Given the nature ^ 
and the nature of t^ interaction, the utilization of changefl|Rj^'i* ( 
to produce changes in P over tlTne proceeds more readily than attempting 

' to change P over time by changing A, ; 

The magnitude of T , the inertial effect of achievement, when 
8 

compared to the magnitude of T, (probability) and T^ (incentive) in 
achieving the interaction necessary for increases in achievement indi- 
cate the longevity of the inertial effect. The depreciation of P, or 
the rapidity with which it decreases if not maintained, indica tes^that 
P is most task-specific and changes very rapidly. Using graph #14, which 
is a plot of the behavior of P when maintained and not maintained, the 
indication is that P would be reduced to half its value in about two 
minutes. The reverse ,is true of A. ^Here the indication is that the 
retention 'of achievement level is still 50 per c^nt after approximately 
•30 minutes . 
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Pgychologtca 1 Implications 

Hie advantage of using a model such as we haye described have 
alreadj' been noted. The auestion airi'&es, however, as toj^whethei^ ror 
nSi such a model can represent -empirical data faithfully, whether it 
fits existing theory, and whether it can give us new psychological 



information or. at lea§t suggest research hypotheses v^ich may lea^to 
clarification. af psychological pr incl pli^s . - It is the feeling of the 

authors that all. three of these aims can be encompassed. 

4 First of ail, an examination of the graph? presenta|P in Apoet/dix A 
indicate substantial agreement l- .^een our results and those obtained 
by Feather. (Note that we did not use his data in deriving our model 
but used it only as an empirical validity check). Thus, it can be 
se.a»«.'ihat probability estimates change more after failure a.t the first 
five items than after success. Success and failure also function to 

^l^ir^ expectation and achievement into line. This is true, of course, 
only as long as motivation remains at a reasonable level. Initial 
experience has a strong effect on performance when subjects are given 
feedback in terms* of success and failure. Finally, there is also 

evidence that task perfbrm^ce and initial probability are coi"reIa*ed. 

We do note, however, that our model suggests' that achievement is at its 

n ' 

highest level when expectation of success and achievement are both at 

a relatively high level. This finding appears to be contrary to Feather^s 

and needs further investigation.* 

Secondly, we note that the graphs demonstrate the validity of achieve 
ment theory as it is currently understood. Thus expectation of success 
interacts with achievement such that a balance is achieved between' the , 
two as long as motivation remains high. Furthermore, it can be seen that 
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"Inertial tendencies" operate to keep achievement up even when expecta- 
t ion of success is very low. We also note tliat feedback effects operate 
quite rapidly so that expectation of success is affected almost immediately 
after results have become available and estimates of probability of 
success adjust rapidly wh^jn feedback is given. 

iPinally, we address ourselves to the possibility of implications 
for further research. Numerous possibilities present themselves, but 
some of the most salient can Se rfoted here. 

1. Psychologists have long referred to optimal conditions for 

Si* 

the support of specific activities. For example, it is well established 
that anxiety and performance on tests have some optimal relationship. 
Unfortunately, establishing optitpal levels of anxiety creates a problematic 
situation because no Acceptable measure is- known. In the model we|||||ave 
presented it is relatively simple to determine the effect of increasing 
any of the sources of input and thus pre-determining the effects o 
creasing power in ^y one variable. * .; ' 

2. Expectation of success and error r^te have freauently beenr/the 
bases for study in relation to programmed instructional formats. There 
is some suggestion, in our model that when achievement and expectation of 
success are too high solutions become infeasible. Further study is re- 
quired to elucidlfte this problem. The Feather data couTd not be used in 
this case because ""the sub ject s used formed a group which was too homo- 
geneous- We intend to collect further data with more heterogeneous 
subjects to study thi?s possibility. . 

^ ^ 1 . ■ • • ■ ■ 

3. A number of^ other p^ychologicaT relationships can be investigated 

by .the use of this model. The cteativity-intelfigen^ie di ch^^tomy , ^per sonali ty 

correlates and learning, and even the heredity-environment, issue may 

, - . t> 
possibly be "addressed in this way^ o ' 

' 28 " ■ 
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